Abstract. The Virtual Atomic and Molecular Data Centre (VAMDC; http: //www.vamdc.eu) is a European-Union-funded collaboration between several groups involved in the generation, evaluation, and use of atomic and molecular data. VAMDC aims at building a secure, documented, flexible and interoperable e-Science environment-based interface to existing atomic and molecular databases. The global infrastructure of this project uses technologies derived from the International Virtual Observatory Alliance (IVOA). The infrastructure, as well as the first database prototypes will be described.
INTRODUCTION
VAMDC is an initiative funded by the EU. In this paper we will describe the infrastructure built to create a complete Virtual Observatory dedicated to Atomic and Molecular Data (Dubernet et al. 2010 ). This project takes advantage of the experience acquired in astronomy by the IVOA. The Virtual Observatory infrastructure and technologies were used to obtain some important results in Galactic (Zolotukhin & Chilingarian 2011; Zolotukhin, this meeting) and extragalactic astrophysics (Padovani et al. 2004; Chilingarian et al. 2009; Chilingarian, this meeting) . We will present different elements required to develop this infrastructure.
The Virtual Observatory is an architecture made of components usually hidden from the end users but necessary to allow them to reach and automatically compare data coming from various sources. We will describe the following components:
• The Data Model that provides a complete and shared descriptions of all data sources;
• The Data Access Layer which allows to query all resources of all data providers in a standard way;
• The data exchange format allowing to retrieve data and metadata in a standardized way;
• The registry: as the core of the information system, it centralizes all the data services compliant with VAMDC and contains a first level of content and capability description.
THE VAMDC INFRASTRUCTURE
Further information on the VAMDC infrastructure is available on the project web site available at http://www.vamdc.eu and updated regularly.
The data model
The standard model for the data exchange within VAMDC is a modified version of the International Atomic Energy Agency's XML Schema for Atoms, Molecules and Solids (XSAMS), commonly referred to as VAMDC-XSAMS. The overall structure of the schema consists of specifying physical processes in terms of physical states. Physical states of atoms, molecules, ions, elementary particles and solids are indeed described as unambiguously as possible. States can be specified with any number of levels of detail and in different coupling schemes. Processes between states can be described using a reference to an initial and a final state, as well as a process type. The numerical data for processes can be tabulated, or presented in terms of parameters for a fitting procedure with provision for specifying the exact nature of the fitting function. Different types of differential cross sections as well as total cross sections can be accommodated. Finally, since the origin and history of the data are necessary for data quality assessment purposes, the schema requires strict requirements on the traceability of the data, with the mandatory inclusion of information on the data sources and methods used to generate specific sets of data.
The data access layer
The protocol used to access the data is TAP-VAMDC, based on the IVOA Table Access Protocol (TAP), a protocol designed to access tabular data and catalogues. This very generic protocol is designed for accessing relational databases. It supports different query languages (Astronomical Data Query Language (ADQL), Parameter Query Language (PQL) etc.). VAMDC defines a specific query language VSS1 (VAMDC SQL Sub-set) directly derived from a subset of SQL92. The service returns results in the VAMDC-XSAMS format. TAP is implemented over the HTTP protocol using standard HTTP GET and POST requests and conventions. As of now, TAP-VAMDC implements only the synchronous mode of TAP.
A TAP-VAMDC query looks like : http://MyURLService.com/tap/sync/& REQUEST=doQuery& LANG=VSS1& FORMAT=XSAMS& QUERY=SELECT+*+WHERE+RadTransWavelengthExperimentalValue+
Metadata access
As the query language is directly derived from SQL, the queries can be easily constructed by a user familiar with this language. The query parameters are related to the database content. A specific syntax provides access to them and presents them in a standard way. Within the IVOA, this is known as VOSI (Virtual Observatory Support Interface). VOSI provides all the metadata information for a given service such as: (1) the availability URL to inform about the service availability status; (2) a capability describing the functional capability of the service (TAP and query languages supported, web interface service, Common Executive Architecture for numerical codes etc.) with the specific access URLs provided for each feature; (3) a table giving the structure of the data table in the databases and containing the names of data tables, primary keys, foreign keys etc.
Standardized data output format for exchange By default, the output of the TAP-VAMDC service is provided in the VAMDC-XSAMS compatible form. The description of the service output capability is presented in VOSI.
Registry
The VAMDC registry uses the International Virtual Observatory (IVOA) registry technology. The registry is the core of the information system. It consists of a database holding metadata that describes all the VAMDC resources, and a web service. The IVOA registry defines interfaces on how to query and share resources. The software is developed in a way that conforms to standard interfaces in order to allow scientific programs to access particular resources. A resource in this context is represented in XML form and is stored in the registry. A resource may describe anything about an observatory, a particular instrument, another registry, and services such as catalogue or table services or cone searches. Extensions can be added if necessary and this functionality is made available for VAMDC. As of now, in the case of VAMDC a resource in the registry can be :
• a collection of A-M data;
• a web service giving access to the data;
• a scientific code to run on A-M data;
• a service to run a code on a computational grid;
• an organization.
The access protocol to query the registry, the XML description of a resource and the data exchange format are fully described in the VAMDC documentation.
VAMDC interface and tools
End users can take advantage of the web interface to discover services, perform a query to access data and retrieve the results from a different data service in a common format. The information retrieved is sufficiently self-described to allow cross correlation. Figure 1 shows the current interface to access VAMDC data. A standard web interface contains a simple graphical view to define and filter the type of data requested by the user.
VAMDC offers a client prototype for the cross-federation and cross-matching of spectroscopic and collisional data.
There are also tools to help publishing data, aimed at the data providers. Two software packages are already available with documentation and tutorials describing how to install and use them: (1) a package based on the DJANGO CMS; and (2) a package implemented in JAVA over TOMCAT. 
VAMDC infrastructure maintenance and control
As a Virtual Observatory is a complex set of tools and services distributed all over the world, and which have to be available and fully compliant to the standards, we needed to develop a set of tools to ensure the reliability of the whole system. We monitor all registered services using NAGIOS (The Industry Standard In IT Infrastructure Monitoring). A validator has been developed to ensure the compliance of services to the standards.
VAMDC FOR ASTROPHYSICS
VAMDC is an ongoing project that is due by the end of 2012. Detailed description of VAMDC, its structure and purposes is given by Dubernet et al. (2010) . 22 Atomic and Molecular databases are a part of the VAMDC consortium. Originally, all of them were created for some special field of scientific (mostly astronomical and atmospheric) research, which specified their individual structure and content. At present, 14 databases are prepared in the VAMDC-XSAMS format and their A&M data are available to the end user through the User Portal (http://portal.vamdc.eu/vamdc-portal-level-2/). A short description of some of these databases is given below.
Atomic line and processes databases
VALD contains over 150 line lists, 1.1 million atomic lines for detailed spectral analysis and over 50 million lines for opacity calculations (predicted lines) provided by all major spectroscopy centers across the world. Diatomic molecules data (TiO) are currently included. It was created in 1995 for precisely modeling the spectra and the atmospheric structure of stars hotter that the Sun, including magnetic CP stars. It contains radiative data for 84 elements up to Z = 92 (U) in the first 6 ionization stages. CHIANTI is a database for the analysis of optically thin collisionally-ionized plasmas. It is the preferred reference database in solar physics. It contains wavelengths and radiative data and rates for electron and proton collisions for highly charged ions with Z ≤ 30 (up to Zn). TIPTOPbase (with OPserver) contains radiative atomic data, photoionization cross-sections and electron impact excitation cross-sections on elements with Z ≤ 28 (up to Ni). It is used for mean opacity calculations in stellar modeling and in NLTE line formation calculations.
Spectr-W
3 contains experimental and calculated data on wavelengths, energy levels, ionization potentials, transition probabilities for ∼ 450000 atomic lines. The most complete data is available for highly charged ions.
Molecular line and processes databases
HITRAN -HIgh-resolution TRANsmission molecular absorption database is the largest database for atmospheric research and planetology. The line-by-line portion of HITRAN contains spectroscopic parameters for 42 molecules. It also provides absorption cross-section parameters and aerosol indices of refraction. In total, HITRAN currently contains data for about 2 × 10 6 individual transitions. CDMS (Cologne Database for Molecular Spectroscopy) provides recommended values of transition frequencies and intensities for molecules. It is used for studying the terrestrial atmosphere in the 0−340 cm −1 wavenumber range. CDMS is cross correlated with its US counterpart, the JPL sub-millimeter catalogue, which is now a member of the VAMDC consortium as well. BASECOL provides excitation rate coefficients for ro-vibrational excitation of molecules by electrons, He and H 2. BASECOL is mainly used for the study of interstellar and circumstellar media as well as cometary atmospheres. CDCD (Carbon Dioxide Spectroscopic Databank) contains calculated spectral line parameters for 7 isotopologues of carbon dioxide in the 5−12784 cm −1 wavenumber range. S&MPO (Spectroscopy & Molecular Properties of Ozone), a database which contains well-established data on spectral line parameters for the ozone molecule (experimental UV cross-sections, for example). UMIST, a database for astrochemistry which provides a fundamental set of reaction-rate data and related software for use in chemical kinetic modeling of astronomical regions (star formation regions, for example).
Why do we need a unique interface to all these DB's? Let us consider a couple of examples from astrospectroscopy.
In solar-like stars and cooler objects, the emerged line radiation consists of millions of atomic and molecular lines. Molecular lines appear as blends to the atomic lines in the visible spectral region. Figure 2 represents a part of the solar spectrum in the region of the famous Mg I triplet at 5167-83Å. Atomic-line data from VALD describes the observed spectrum fairly well; however, for a full description, we need data for C 2 molecule transitions (contour lines) that may be extracted from molecular databases like HITRAN, together with the VALD data. Ground-based spectroscopic observations in the near ultraviolet region are now available with modern CCD cameras, extending up to ∼ 3000Å. However, proper continuum fits in the 3000-3400Å range, so spectral analysis requires knowledge of the ozone molecule absorption in the Earth's atmosphere. Figure 3 demonstrates that all depressions seen in a non-normalized stellar spectrum have roughly the same shape as broad features in the ozone absorption curve taken from the S&MPO database. Thus, one cannot make a proper analysis of the atomic spectrum in the near UV without taking into account ozone absorption.
CONCLUSIONS
We have presented how the infrastructure of VAMDC has been designed with the aim of being a Virtual Observatory. This short presentation can be completed by the project documentation already available on the web site of VAMDC.
VAMDC is a virtual Observatory for Atomic and Molecular data that takes advantage of the work already done in the IVOA. It is a European program in development within the FP7 framework. However, VAMDC is already able to deliver results. Users who wish to test the system in the present status, before the end of the project, are welcome to contact the PI (Marie-Lise Dubernet). A contact form is available on the project web site. 
